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Post harvest technologies like quality drying can play an important role for preservation of agricultural products. The solar 
based renewable technologies are in dire need to be preferred and improved because it is free from operating cost. In this 
context, a glass glazed solar tunnel dryer was constructed by a locally available material in University of Agriculture, 
Faisalabad and experiments were conducted for quality drying of ripened chilies. The dryer was developed on the basis of 
Hohenheim dryer design and was modified for site specific conditions. The performance of solar tunnel dryer and 
psychometric analysis was carried out with load and without load. 
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INTRODUCTION 


The emerging new agricultural food industries in world are 
due to the innovations by the scientists in agriculture 
technologies now-a-days. As the investments yield high 
rates in post-harvest research as compare to on-farm 
investments. Many countries are using solar energy source 
for agriculture and achieving good results from it. Solar 
energy can also be used for quality drying of agriculture 
products. It 1s environment friendly, economical, quality 
enhanced and its effective use can minimize agricultural 
waste and traditional fuels can be reduced. However there 1s 
lack of information available about quality drying regarding 
different agricultural products. Especially the developing 
countries needed to work on quality drying by solar energy 
(Ekechukwu & Norton, 1999), 

In earlier times the main source of drying was sun. Now-a- 
days different methods are being used for drying of foods. 
In past few years some chemical changes occurred during 
dehydration of foods. Many efforts have been made to 
reduce these chemical changes and enhance the quality of 
products by different methods. The most important method 
for drying 1s convective drying. The heated air is passed 
from the upper and bottom side of the product or across the 
product. The hot air carries the moisture as it passes through 
the product and conveys the moisture to atmosphere. The 
moisture 1s removed from the product as it is heated by 
direct sunlight. Solar radiations are another source of drying 
the products like fruits, vegetables and other perishable 
foods. The solar radiations are being used in countries 
where sunshine hours are long. Drying of perishable foods 
is done by different methods in the world where there are 
many postharvest losses and lack of preservation. Drying by 
solar energy 1S economical method for medium and small 
amount of products. The drying of fruits, vegetables and 
other agricultural products is also done on small scale. Thus 
drying is contributing the livelihood of communities and 
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small farmers only. Drying 1s necessary for value addition to 
agriculture and to increase production chain. The fresh 
products are full of moisture so it can cause to increase the 
microbial activities in products. The properties of moisture 
in the plants are similar to water so it is a medium of 
chemical and microbial reactions that leads fruits and 
vegetables to lose in its nutritional value. So in ambient 
conditions products deterioration and spoil rate is more. If 
the water contents are low comparatively deterioration and 
spoiling will also be low and nutrition value will be high. 
Therefore it is needed to dry the products and to reduce the 
water contents so that products may not deteriorate after 
harvesting. There is high demand of natural agricultural 
products as compare to synthetic products in industrial 
countries for medicinal plants as well as for other purposes. 
So the dried products will meet the demand in market 
without deterioration and spoilage. They can also be used 
after preservation to fulfill food requirement by providing 
good quality diet (Quirjyins, 2006). 

Solar drying technology is a process that helps the 
agricultural products to dry in clean situation and saves the 
products in such manners that product meets to national and 
international levels whereas cost of energy used is zero. 
Sharma et al. (1994) designed and fabricated solar tunnel 
dryer for the drying of chilies and paddy. Hossain et al. 
(2005) worked on solar tunnel dryer optimization by drying 
chilies in Bangladesh. On the other hand, Worner (2001) 
developed and experimented a solar dryer for coconut. One 
can save time, area, energy, environment, and quality of 
product. So solar drying is helping for reducing use of fossil 
fuels as well as increasing use of cost free energy (Charles, 
1998). Amir et al. (1991) conducted experiment for solar 
tunnel dryer for the tropical climate use and he reported that 
drying time of different products like cocoa, coffee and 
coconut was reduced about 40% than direct solar source 
drying. The efficiency of solar collector was about 23.5- 
36%. Liaqat (1990) developed and test the solar tunnel dryer 
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in the form of green house to dry the agricultural products. 
Small industries can permit about 1-2 tones of dried 
products per day. So it is the best way to dry the products 
with good quality (Naween, 2009). 

The role of quality drying of agricultural products is 
important for preserving these for longer time. In 
developing countries, drying by solar energy is also 
important as most of the developing countries are facing 
severe energy crises. Moreover, the price of fossil fuels is 
rising day by day and it is difficult for the farming 
community to afford the high running costs for operation of 
post-harvest technologies. Drying of food by sun light is an 
old technique and still using in many countries. It prevents 
the food from spoilage and makes it useable for coming 
period. The main reasons for spoilage are due to lack of 
awareness about the suitable methods of preservation by 
drying. Drying helps in preservation of food so that they 
should not be spoiled. The percentage of moisture content 
varies from 5-25% depending upon the type of product. 
Success of drying is in such way that the moisture drawn by 
dry air and air circulation should be adequate to carry 
moisture. 

Drying is an old practice adopted at different levels to 
remove the moisture so that it can be used for longer time. 
Many agricultural and horticultural products are dried so 
that they can be handled easily. In short, drying is an energy 
consuming process. Fossil fuels have high prices and 
sometimes we face its shortage so it 1s required to use 
renewable energy resources (Muhlbauer, 1986). The main 
purpose of this study was to conduct experiment for chilies 
and performance evaluation of locally designed and 
fabricated solar tunnel dryer. 


OBJECTIVES 

1. To determine the efficiency of a glass solar tunnel 
dryer. 

To investigate the optimum drying conditions for 
ripened chilies in a solar tunnel dryer. 

To perform the psychometric analysis for ripened chilies 
within the solar dryer. 


2 


MATERIALS AND METHODS 


The development and fabrication of Solar Tunnel Dryer 
(STD) was carried out in department of Farm Machinery 
and Power, University of Agriculture, Faisalabad. This solar 
tunnel dryer was made of glass and designed for the purpose 
of drying agricultural products. Esper et al. (1994) had also 
developed and designed a such type of solar tunnel dryer at 
university of Hohenheim Germany. Our system was 
designed to conduct experiment of different products on 
various sites. The study comprises three major phases. First 
is to evaluate the performance by drying of chilies in solar 
tunnel dryer. Secondly, optimization of the psychometric 
conditions of the solar tunnel dryer for chilies and thirdly is 
to conduct experiment for drying of chilies by solar tunnel 
dryer. 
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Description of solar tunnel dryer: The solar tunnel dryer 
was constructed in such a way that it consists of two main 
parts as solar collector and solar drying unit. The collector 
section was having 4m length and a drying section was 
having 6m length. Three DC fans were installed to provide 
the required air flow for drying of chilies. The total length 
and width of solar tunnel dryer was 10m and 1.22m 
respectively. The air temperature for drying was raised up to 
8-14°C above ambient temperature. The velocity of air was 
maintained up to 2 ms”. The cross sectional area of solar 
tunnel dryer was trapezoidal in shape and has 0.254m/” area. 
Base of solar collector was black so that it worked as black 
body and could absorb much solar radiations. Thus 
incoming sunlight was converted to heat energy. During this 
process the incoming air was heated up by the sunlight. 
When it blew up on the drying product it dried up the 
product by reducing its humidity. The incoming sunlight 
helped to evaporate the humidity at half of the device. 
Moderate temperature was maintained in the dryer by 
ventilator worked by Photo Voltaic (PV) module and 
temperature was stabilized in device. Temperature was rise 
as high as amount of solar radiations. The purpose of 
ventilator in the dryer was to provide stream of air to reduce 
the temperature in the dryer. Ventilator provided maximum 
power to run the ventilator at maximum speed and vice 
versa. The basic components of the dryer were as under; 


l- DC fans 

2- Thermal insulation 

3- PV module 

4- Solar collector 

5- Side metal frame 

6- Drying section 

7- Roof structure and glass-cover 

8- Base structure for supporting the dryer 
9- Outlet of the drying tunnel 


The schematic diagram of solar tunnel dryer is given below 
in fig 1. 





1320 mm 
Figure 1: Schematic diagram of solar tunnel dryer 


Performance evaluation of solar tunnel dryer: The overall 
efficiency of drying is defined as the ratio of energy output 
of dryer to the total energy input. Thus overall efficiency of 
the system is given below. 
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Table 1: Main parts and material used during fabrication of STD 


Sr. # Part Name Material Used Material Specification 

Base plate Galvanized Iron sheet (20000 mm x 1270mm ~ .794mm) 

Z Side wall GI sheet (40000mm x 120mm x 0.794mm) 

3 Frame of dryer MS square pipe (100000mm =< 31.75mm x 31.75mm) 

4 Foot steps MS flat (1050mm x 75mm =< 3mm) 

5 Frame for trays SS (1060mm x 63.5 mm x 2mm) 

6 Lower mesh SS (25mm x 25mm) 

i; Upper mesh Plastic (food grade) (8mm x 8mm) 

8 Frame for glass Aluminium (44900mm x 42mm x .396mm) 

9 Glazing Glass (20000mm x 1200mm = 5mm) 

10 Upper frame MS angle (146) (10000mm =< 100mm =< 3mm) 

11 Insulation of base plate & side wall Thermo pore (15000mm = 1270mm x 65mm) 

12 Sealing Foam rubber (food grade) (20000mm x 25mm =< 3mm) 

Ou ‘ The specifications of fan depended upon how much quantity 

7 = —*100 (1) of air flows per unit time. However, flow rate of air was 


S 


Q,= rate of heat energy available from the solar dryer (kW) 
O- solar energy available on dryer (kW) 


The solar energy available at the collector (Q,), in equation 
ll, was calculated by multiplying the average solar insolation 
(I,) with the total collector area (A.) exposed to the solar 
radiations. 

So, Q,- Ac*It / 1000 (11) 
The efficiency of collector is defined as the ratio of energy 
output of collector to energy input to the collector. Solar 
energy input on the collector is computed as given in 
equation. 


QO, =m'C, AT 
And 


(iii) 


m  =mass flow rate of air (kgs __ ) 

C,= specific heat of air (kJ kg’ K”') 

The specific heat of air is taken as 1.006 kJ kg’ K" 

AT= Temperature difference between collector exit and inlet 
Since it 1s difficult to record mass flow of air; the following 

equation was used to convert mass flow rate into volumetric 
flow rate (V) 


maa y 

Where 

d= density of air (kg m”) 

V_ = Volumetric flow rate (m’ s') 

The volumetric flow rate was calculated by using the 
following relationship. 

V'=Av 

Where 

A = Cross-sectional area of solar tunnel dryer (m7) 
si velocity of air at solar collector exit section (ms) 


(iv) 


(v) 


Air velocity was measured by using anemometer and it was 
placed at the collector exit section of the solar tunnel dryer. 
Air velocity readings were recorded at different sections of 
solar tunnel dryer and their average was taken. Five 
replications were taken to record the average value of the air 
velocity. The energy from sun (solar irradiance) was 
calculated by using a Pyranometer. By multiplying solar 
irradiance and total energy total solar energy was calculated. 
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calculated at collector end and dryer exit by using 
anemometer. Size of photovoltaic module was dependent on 
the power required to run these fans which were being used 
in system that helped to dry the perishable foods. 
So equation turned into following expression 
Qya= A. v. d. C, .AT (vi) 
Heat gained through the dryer: The heat gained through 
the dryer was calculated by without keeping the red chilies 
within the dryer (with no load conditions). To check the 
performance evaluation the anemometer was placed at the 
exit section of the dryer to check the air velocity within the 
dryer. Three sets of thermometer were placed; one at 
collector section and second at exit section of dryer and 
third thermometer was placed out of the dryer to check 
ambient conditions. 


Solar drying of red chilies: The percentage of moisture 
content removed is dependent on the period of storage, 
various ranges of humidity and temperature in storage 
structure. The drying of agricultural products needs a 
scientific operation for drying. There was need to provide 
the controlled conditions for drying. We should also keep in 
mind the over drying process to prevent the product while 
the drying process. So keeping in view all these parameters 
the STD was designed for the drying of fruits, vegetables, 
and medicinal products. 


Rate of moisture removal: Moisture removal rate was 
calculated by using equation. 

DR= Ma, (H, = H;) 

DR=Drying Rate in kg/ hr 
m,=mass flow rate of air in kg/ hr 
H,=Moisture content before drying 
H, Moisture content after drying 


(vii) 


Heating capacity of STD: Capacity of STD for a mass flow 
rate (m,) of dry air was calculated by; 

Q =m, (hy - hy) 

Q=Heating capacity of solar tunnel dryer in kg/ hr 
h)=Absolute humidity of the air before drying (kg of water/ 
kg of air) 


(viii) 
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h,=Absolute humidity of the air after drying (kg of water/ 
kg of air) 


Evaluation for Quality analysis: The chilies were treated 
before the drying to reduce the drying time and moisture 
from red chilies. Three treatments were applied with 
sequence. In first treatment the red chilies were dried under 
controlled conditions, in second treatment the red chilies 
were dried after removing the stick, whereas, in third 
treatment red chilies were treated by punching 2mm. For 
quality analysis of all treatments capsaicin and 
dihydrocapsaicin analysis was done to check the pungency 
of red chilies. 


Determination of capsaicin and dihydrocapsaicin: Hot 
pepper pods' pedicels were removed, oven dried at 60 °C for 
2-5 days and then cooled with silica gel. Afterwards these 
were ground and kept in plastic bags at 5°C_ in cold storage 
until further process. All samples were processed within 5 
days after grinding. 


Capsaicinoid standards: These capsaicinoids standards 
consists of 50 mg capsaicin (8-methyl-N-vanilly-trans-6- 
nonenamide) and 50 mg dihydrocapsaicin (8-methyl-N- 
vanillynonenamide) were purchased from sigma chemical 
Co, St. Louis, Mo, USA. All solvents used for capsaicinoids 
analysis were of HPLC grade and freshly glass redistilled. 


Extraction of capsaicinoids: Samples were extracted by 
using the following method of Collins et a/. (1995) with 
little modifications. For capsaicinoids extraction, sample: 
acetonitrile (1:10; gram: millimetre) ratio of dried red 
chilies was placed in 120 ml glass bottles with Teflon-lined 
lids. Bottle were capped and placed in an 80°C water bath 
for 4 hrs; swirled after every hour. Sample were removed 
from water bath and cooled at room temperature. The 
supernatant of samples (2-3 ml) was filtered through 0.45 
um (Millex- HV filter) using a 5ml disposable syringe 
(Millipore, Bedford, MA) into a HPLC sample vial, capped 
and stored at 5 °C in refrigerator until analysis. The 
capsaicinoids concentrations in the samples were expressed 
as 100 mg g™. 


Liquid chromatographic analysis: A shimadzu (LC-10, 
shimadzu, Japan) HPLC system equipped with LC-10AS 
multi solvent delivery system, a SPD-10A UV-Vis at 
wavelength fixed at 280 nm was used and the parameters 
were controlled with system controller unit (SCL-10A). The 
analysis was carried out following the conditions: column 
temperature 30 °C , flow rate of mobile phase; 1 ml. min’! 
and data acquisition was made using class LC-10 software. 
All analysis were performed isocratically using degassed 
HPLC grade 60% acetonitril (Merck Germany) and 40% 
was as a mobile phase. The reverse-phase chromatography 
column (Discovery C;g (2504.6 mm, Sum), Supelco, 
Bellefonte, PA, USA) was used for the detection of 
capsaicin and dihydrocapsaicin. During HPLC sample 
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analysis, a standard solution was injected every 10 samples 
in order to evaluate the retention time verification and 
instrument calibration. 


Quantification of capsaicinods 

A 20 ul aliquot was used for each HPLC (High Pressure 
Liquid Chromatography) injection. Capsaicinoids identified 
with reference to retention time of standards and by spiking 
the samples with standards. Standard curve were developed 
using concentration versus peak area and capsaicinoids were 
quantified using linear equation. The ratio between 
capsaicinoids and dihydrocapsaicinods was calculated by 
dividing capsaicin to  dihydrocapsaicinods. Total 
capsaicinoids is the sum of capsaicin and dihydrocapsaicin. 


Psychometric analysis of Chilies within the dryer: In order 
to locate a state point on a psychometric chart, dry bulb and 
wet bulb temperatures were employed. Dry bulb 
temperatures were recorded with the help of mercury 
thermometer. In order to record wet bulb temperatures, the 
thermometer bulb was covered with a wick wetted with 
water and air flow rate was passed over the wick at 5 m S". 
Five sets of dry bulb and wet bulb thermometers were used; 
first set was placed at air inlet section near the fans and it 
recorded the ambient conditions of the atmospheric air and 
was plotted as the first point on psychometric chart. The set 
of thermometer was placed at the collector exit section to 
locate the second point on psychometric chart. The enthalpy 
difference between these two points calculated the capacity 
of solar heater. Three more sets of thermometers (dry bulb 
and wet bulb) were used after a uniform distance of two 
trays to record the moisture removal rate and changing trend 
of temperature, relative humidity, specific volume, and 
absolute humidity etc. Psychometric software was used to 
record dew point, relative humidity, absolute humidity, 
Vapor pressure, heat content (specific enthalpy) and specific 
volume. 


RESULTS AND DISCUSSION 


For evaluating the performance of STD many experiments 
with load and without load were conducted. Details for 
design of STD and experiments conducted are given as under: 
Glass glazed Tunnel dryer: The glass glazed solar tunnel 
dryer was operated by a photovoltaic module which was 
independent of electric grid. By photovoltaic, the 
temperature of drying air was automatically controlled by 
the solar radiation. During the dehydration process, the 
process curve helped in evaluation of the dryer performance. 
The dried products of STD were protected from dirt, insects 
and climatic conditions due to its perfect sealing. For drying 
more products, the air leaving the dryer was found to have 
still greater potential for drying. The red chilies dried in 
STD were good in quality than the traditional method. The 
drying rate of chilies with removing sticks was more as 
compare to controlled, open sun drying and with punching 2 
mm. There was loss of seed in this method as seed play 
important role in pungency of chilies. 
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Figure 1: Energy balance schematic diagram of glassed glazed 
solar tunnel dryer 
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Figure 2: Energy balance in a flat plate collector 


Table 1: Performance evaluation of glassed glazed STD 





Time T, T> T,-T I, Air Velocity 
CC) CC) (K) W/m”) (m.s") 
10:00am = 34.5 48.5 13.0 630 0.2 
11:00am 36.0 50.0 14.0 645 0.2 
12:00pm 40.5 See 15.0 690 0.4 
01:00pm 38.5 525 14.0 675 0.3 
02:00pm 36.5 49.5 13.0 655 0.2 


Energy balance in a glass glazed solar tunnel dryer: The 
glass glazed solar tunnel dryer was designed for drying of 
vegetables and fruits, so that their shelf life could be 
increased. For best use of solar tunnel dryer the available 
energy balance and heat losses through dryer are shown in 
Figure 1. 

There are two types of losses studied as optical losses and 
thermal losses in glass glazed solar tunnel dryer. 


Optical and thermal losses in glass glazed solar tunnel 
dryer: The useful energy by a collector depends upon the 
thermal and optical losses in a glass glazed solar tunnel 
dryer. So the collector performance increased by reducing 
thermal and optical losses. Thermal performance of solar 
collector of glass glazed solar tunnel dryer was determined 
by energy balance. 

Figure 2 shows that a schematic diagram of flow of heat 
through a solar tunnel dryer collector. The energy balance 
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was maintained by optical and thermal losses through STD, 
energy stored and energy used by the collector for drying 
and solar radiations. 


Performance evaluation of solar tunnel dryer: For 
evaluating the performance of solar tunnel dryer three 
experiments were conducted with no load conditions. 
During experiments solar radiations, ambient and dryer 
temperatures, and air velocity were recorded. The data were 
drawn on graphs and psychometric charts. The other 
psychometric values were then calculated by engineering 
software  (psychroCalc-1.1.0 and _ psycPro-1.1.16). 
Efficiency of glassed glazed solar tunnel dryer was also 
calculated. 

The amount of solar energy available from glassed glazed 
solar dryer calculated by eq. (111) was about 0.43 kW and the 
amount of energy available at STD was found to be 0.95 
kW by using pyranometer and eq. (11). Thus by using eq. (1) 
overall efficiency of the glass glazed STD was found to be 
42%. The results were calculated according to Basunia et al. 
(2011) and Bala et al. (2005). The higher efficiency of the 
glass glazed STD was due to the reason that dryer was 
forced convection solar dryer so the drying product received 
energy from collector and also from incident radiations. 


Psychometric representation of Glass glazed Solar Tunnel 
Dryer for different experiments: The dry bulb temperature 
was increased that resulted the decrease in relative humidity 
of air by which maximum amount of moisture absorbed 
from the ripened red chilies in glass glazed solar tunnel 
dryer. In conventional dryers, the heaters are main source of 
increase in dry bulb temperature but high cost energy is 
consumed for this. Where as in this glass glazed solar tunnel 
dryer the black painted base sheet was used for absorbing 
heat from direct sunlight. The trend line in fig. 3 shows 
performance of dryer at ambient (A) and collector outlet 
(B). Straight line observed showing that absolute humidity 
is almost constant. As the temperature increases there 1s 
difference in trend line. The straight line shows no change in 
absolute humidity but as dry bulb temperature increases the 
relative humidity is decreased. So by the performance of 
STD shows that solar energy as a renewable energy source 
can be used for dehydration of ripened red chilies in place of 
conventional heaters. The change of parameters is shown 
with no load test at 10:00 AM to 2:00 PM in fig. 3 by 
psychometric chart. For psychometric analysis other 
parameters like relative humidity, absolute humidity, 
enthalpy, vapour pressure, density, dew point and specific 
volume were recorded by engineering software (CYT 
Psychometric soft demo 2.2.0). 


Psychometric representation of glass glazed solar tunnel 
dryer for experimental drying of ripened red chilies under 
controlled condition: The representation and performance 
curves of glass glazed solar tunnel dryer during technical 
run of experiments of ripened red chilies from 08:00 AM to 
4:00 PM is shown in Figure 4. The graph shows the process 
line from point B to C shows that with the increase of 
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Figure 3: Psychometric chart representation during no load 
test of STD at 10:00 AM 





Figure 4: Chromatographical representation of capsaicin and 
dihydrocapsaicin in red chilli under controlled 
conditions 


moisture content from ripened red chilies by evaporation of 
hot air the dry bulb temperature decreased. It is also shown 
that relative humidity becomes increased towards the end of 
process line. The reason was that the dry air absorbed the 
moisture content from the ripened red chilies to achieve the 
equilibrium condition with moisture of red chilies. The 
result shows that air conditions were not saturated at the exit 
of the dryer. So it means that maximum amount of heat was 
lost during drying process. The experiment was conducted 
at low charge according to result. So the dryer should be 
run with charge per batch so that the point C curve should 
touch RH curve at saturation point to utilize the heat fully. 
The chromatographic peak in figure 5, 6, and 7 shows the 
amount of capsaicin and dihydrocapsaicin for quality 
analysis of red chilli dried in STD. The graph A and C 
shows peak value of standard and graph B shows the peak 
value of sample for capsaicin and dihydrocapsaicin. 


Capsaicin to dihydrocapsaicin ratio: The capsaicin to 
dihydrocapsaicin ratio of chilies dried under controlled 
condition was found to be 1.308. Total capsaicinoids was 
found to be 847.0782 ug/ml by adding the capsaicin and 
dihydrocapsaicin. The pungency (SHU) was found to be 
12706.173. Above graph shows that the amount of capsaicin 
is more in both without dundi and punching 2 mm as 
compare to controlled conditions. The dihydrocapsaicin was 
more in controlled conditions as compare to without dundi 
and punching 2 mm. The total amount of capsaicinoids was 
more in controlled and punched as compare to without 
dundi. As it is known that Capsaicinoids are alkaloid 
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Figure 5: Chromatographs of capsaicinoid and DH. 
Capsaicinoids compounds; (A) Standard peaks 





Figure 6: Chromatographs of capsaicinoid and DH. 
Capsaicinoids compounds; (B) Peaks of Sample 





Figure 7: Chromatographs of capsaicinoid and DH. 
Capsaicinoids compounds; (C) Standard peaks 


compounds that produce the hot flavor or pungency 
associated with eating chilies. Five analogs make up the 
collective term capsaicinoids: capsaicin, di-hydrocapsaicin, 
nordihydrocapsaicin, homo-dihydrocapsaicin and homo- 
capsaicin. Capsaicin is the predominant capsaicinoid and 
one of the most pungent compounds known. Capsaicin and 
dihydrocapsaicin accounts for more than 90% of the 
capsaicinoids in hot peppers and contribute most to 
pungency (Collins et al., 1995). 
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Figure 8: The comparison of capsaicin, dihydrocapsaicin and 
total capsaicinoids in red chilies dried in STD. 


CONCLUSIONS 

Results revealed that capsaicin and dihydrocapsaicin 
concentration was having highest averages for three 
replications of controlled and punching 2 mm. All hot 
pepper studied had capsaicin concentration in the range of 
750 ug/100g to 850ug/100¢ in all different treatments. The 
capsaicin and dihydrocapsaicin concentration was found 
maximum in controlled condition (847.0782 ug/g) followed 
by without dundi (774.5523ug/g). Whereas in punching 2 
mm, it was at 805.0875ug/g. Overall studies indicated that 
concentration of both capsaicinoids was highest in first and 
third treatment that progressively decreased to second 
treatment in all the replications. 
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